Technique is described for the use of thin metal foils as anticathodes in X-raytubes.
The continuous radiation from these foils is analyzed by a crystal, the intensities being measured by a photographic comparison method. It is indicated that the high-frequency limit of the continuous spectrum from an infinitely thin target consists of a finite discontinuity.
(The corresponding thick target spectrum has only a discontinuity of slope.) The energy distributions on a frequency scale are approximately horizontal, for gold and for aluminum, and for^=40°, 90°, and 140°, where \I/ is the angle between measured X rays and cathode stream; this agrees with Kramer's, but not with Wentzel's, theory. The intensities for these values of \p are roughly 3:2:1, respectively; theories
have not yet been constructed for the variation with \p of resolved energy, but it is pointed out that the observations do not support a supposed quantum process in which a single cathode ray, losing energy hv by interaction with a nucleus, radiates a single frequency v in the continuous spectrum. The observations do not support the "absorption" process assumed by Lenard, in impacts with the atoms of the target, they are gradually slowed down to zero, so that, in reality, the X rays are produced by cathode rays of all speeds between zero and v . This loss of speed has been corrected for, and the laws of continuous spectrum emission derived (1) 3 for uniform cathode ray speeds on the basis of the ThomsonWhiddington-Bohr law and the total energy law, but this latter is not known for directions other than perpendicular to the cathode stream, and there is some question as to whether the former law is applicable to the present case (2, 3, 4) . Perhaps the most serious doubt in this respect is due to the experiments of Lenard (3) , who claimed that a large percentage of the cathode rays were not slowed up gradually but suffered large losses of speed (" absorptions") in encountering the atoms of the target. 4 Another difficulty with experimental conditions inside the conventional X-ray tube is the uncertainty as to the direction of motion of the cathode rays which have penetrated the anticathode. The laws for calculating these changes of direction, which are due to a slow diffusion as well as to sharper deflections (5), have not yet been investigated in such a way as to allow their application to the present problem in the same way as the Thomson-Whiddington-Bohr law was applied to the loss of speed.
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A third difficulty with thick targets is due to deflections of the cathode rays inside the target such as to cause a considerable fraction of them to leave the focal spot, reenter the space between cathode and anode, but, due to the field, come back to strike other parts of the anode (2, 6, 7) . The X rays produced by these stray cathode rays are not ordinarily included in the measurements, and since their spectrum distribution is different (2) from that of the X rays coming from the focal spot it is evident that even the mathematical form of the laws of emission will be influenced by their neglect. The effect is not at all inappreciable, as this "stray" X-ray energy is of the order of one-fifth of the whole (7) .
Other difficulties, such as the correction for absorption in the target, and the determination of the initial direction of the cathode stream 3 The figures given in parentheses here and throughout the text relate to the reference numbers in the bibliography given at the end of this paper.
for a target face inclined to the cathode stream are of comparatively small importance, and since these have been adequately discussed in previous papers (1, 2) they will receive only passing mention here.
II. METHOD 1 . SOURCE OF X RAYS The obvious way to simplify these experimental conditions is to use as target a foil so thin that only a very small proportion of the cathode rays in passing through the foil suffer appreciable deflection and loss of speed. This means, for ordinary voltages (of the order of 50 kv), films of a thickness of the order of 10~5 cm, depending on the density and atomic number of the metal used. 5 The outstanding difficulty here is the measurement of X-ray energy from such a foil, since comparatively low current input must be used in order to prevent melting the foil. With a thick target, heat is conducted away from the focal spot to the mass of metal, but with these thin targets the heat must be dissipated chiefly by radiation. Now, the amount of energy (H) generated per unit time per unit area of these foils should be equal to iAV where i is current density; an application of the Thomson-Whiddington-Bohr This energy appears mostly as heat energy-the X-ray energy being correspondingly small-thus the thinner the foil the less the heat it must dissipate. But the foil radiates heat proportional to its two surfaces, so the thinner the foil the greater the current density possible without melting the foil; in fact, it appears that for a given material and voltage irnax Ax is practically constant.
(For gold this constant is of the order of 10~5 milliamperes cm -1 at 40 kv.) Also the X-ray energy per unit area is proportional to {Ace, other things being equal; thus, no matter how thin the target, there is a definite limit to the X-ray energy obtainable at a given voltage per unit area of thin target of given material.
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The relation Hoc -=-had a curious consequence in the experiments. 6 For the calculation of the loss of speed the Thomson-Whiddington-Bohr law (8) (5) for the case when the foils are so thin as to approximate conditions for single scattering. In the present experiments, however, it was impractical to use such thin foils, and the deflections were estimated by direct experiment (see below).
[vol. 2 Where relatively high current densities were used it was found necessary in shutting off the power to reduce the filament current before cutting off the voltage.
Otherwise, due to the gradual discharge of the condensers of the filter system (see below), there was an instant at which normal current flowed through the tube (the potential being far above the saturation value) at low voltage, with consequent melting of the foil. Strictly speaking, this effect will be enhanced by the increased deflections in the target at lower voltages (5) which will, in general, contribute to the path lengths in the foil and consequently to iAx; that is, H really increases faster than 1 An objection to the method seems to be that, due to deflections inside the target, many of the cathode rays will return to the anode surface, to strike heavy atoms with reduced speed and indefinite direction. For example, the "stray cathode rays" discussed above will, in general, have penetrated the heavy metal twice before striking the anode the second time. Since most of these secondary effects will be superposed directly on the focal spot, it would seem that a satisfactory correction for them would be difficult.
SPECTRAL ANALYSIS OF X RAYS
'The X rays produced in the thin targets were analyzed spectrally by a crystal grating, and the intensities were recorded photographically ; the photographic method was used on account of its sensitiveness and flexibility. In order to interpret the photographic record in terms of energy distribution in the spectrum, it was necessary to standardize the films and spectrographs. This was done by substituting for the thin target a thick one and repeating the experiment 7 Not published. [Vol. under identical conditions. Since the energy distribution in the thick target spectrum is will not receive uniform blackening, but the part of the film outside ad will be blackened uniformly by any X rays generated uniformly over the outer parts of the thin foil, as well as by X rays produced on the walls of the tube. Consequently, the spectral intensity outside the region ad is a measure of the energy in the various sources of undesired X rays mentioned in Section II above. The spectrograms showed that, under the conditions of the present experiments, these X rays were negligible compared with the X rays affecting the region be.
IV. RESULTS
SHAPE OF THE HIGH-FREQUENCY LIMIT
Special experiments were performed for the purpose of ascertaining the form of the continuous spectrum near the high-frequency limit, a direct knowledge of which, for thin targets, is of prime importance.
The chief difficulty here is the correction for various slit widths. It would be difficult to calculate directly the " effective" slit width due to the slits of the microphotometer, the slit of the spectrograph (which is effectively broadened by the penetration of the rays into the crystal), and the idiosyncrasies of the photographic film, but a satisfactory estimate of the net effect of all these factors can be made from either line shapes or absorption limit shapes. For this purpose it was convenient to use the K absorption limit of the silver of the film (\A g K, fig. 4 ).
The data shown in Figures 4, 5, and 6 were taken for F=32 kv and^= 90°. The thin target was of 0.086 /x gold foil, and a thick target of gold was used for the comparison spectrum. In Figure 4 the ordinates of the upper curves are proportional to transmission, since they are direct microphotometer readings. The lower curves represent photographic density (logarithm of reciprocal of transmission); this quantity is directly proportional to X-ray intensity (12) for a given wave length and for the low densities used here, but the constant of proportionality varies with wave length. The highfrequency limit (X ) of the thin target continuous spectrum is seen to have a shape and width much like that of the absorption limit. This suggests that the former may consist of a finite discontinuity, just like the absorption limit does, and as was suggested by Webster (13) Figure   6 (F).
In this transfer the factor X the high-frequency limit. Figure 8 .
A simple way to view the spectral distributions is outlined in Figure 9 , where the thick target spectrum is built up of successive thin target spectra (neglecting absorption in the anticathode). The thin targets are here chosen not of equal thickness, but of such thicknesses as to cause the cathode beam to lose energy in equal steps.
It has been mentioned above that A is essentially a thin target spectrum, and it is readily seen that a variation of A with \p after the Figure 7 will cause a variation with \p of the thick target spectrum in the manner shown in Figure 8 . It is interesting to notice that, even with thin target X rays the " hardness" of which does not vary with direction, thick target rays are obtained which are harder in the forward direction.
MECHANISM OF RADIATION
The theories of Kramers (20) and Wentzel (21) Figure 6 . This same result was anticipated in some previous work by the author (2) and its bearing on the form of the "correspondence principle' • discussed; accordingly it will not be elaborated on here.
The variation of intensity with \p has usually been accounted for on the basis of a formula first derived by Sommerfeld (19) One is that the cathode particle will be deflected in its approach to the nucleus; these deflections will, in general, decrease the calculated ratios of Figure 11 . But it is to be noted that to give correct experimental values these ratios would, in the more satisfactory cases represented in Figure 11 The beautiful piece of work on X rays from thin targets, just published by KulenkampfT (25) , leads me to an extension of the above ideas.
KulenkampfT obtained the spatial intensity distribution, from^= 22°t o 150°, for several different frequencies in the continuous spectrum; these curves all appear to extrapolate to zero, or at least to comparatively small values of intensity, for the extreme angles 0°a nd 180°. This means that the component of the radiation emitted by the cathode ray due to its acceleration perpendicular to the original line of motion is comparatively small. Thus only two of the three possibilities mentioned above remain; that is, if X rays are electromagnetic waves, a cathode ray which has lost energy liv will not, in general, have radiated frequency v. Accordingly, it becomes desirable to examine in more detail the above postulate that the accelerated cathode ray radiates all frequencies simultaneously.
[Vol.2 As pointed out above, using the conceptions suggested by Figure   10 , the radiation of a continuous band of frequencies with v Q as the" upper limit might be accounted for 12. Manner in which a continuous spectrum may be approximated with a line spectrum especially from the attempts to account, on the basis of the old pulse theory, for the existence of a high-frequency limit in the X-ray continuous spectrum (26) . In general, according to these attempts, a finite pulse must be thought of as composed of all frequencies between zero and infinity; and it would require a pulse with oscillations extending to infinity to account for an infinitely sharp high-frequency limit.
The direct attack on the problem has been made by Kennard (27) , who investigated the form of pulse that would account for an X-ray spectrum similar to the customary thick target spectrum, which has a discontinuity of slope at the high-frequency limit. For present purposes we must, of course, use the observed ( fig. 7 ) thin target spectral distribution, which has a finite discontinuity in I$ v at the limit.
Let us first approximate this continuous spectrum with a line spectrum in which the lines are so close together as not to be distinguishable from a continuous spectrum; if the lines are all of the same intensity and equally spaced on a frequency scale the "continuous spectrum" (compare fig. 12 fig. 10 ), the charge density (charge per unit length) along an electron in uniform motion becomes proportional to A graph of this function is shown in Figure 13 .
[Vol.2
The derived electron structure thus consists of alternate positive and negative pulses of charge; the "wave length" (that is, approximately, the distance between negative crests) being everywhere d except at the center of the electron. Finally, it may be pointed out that a conception may now be obtained as to the nature of the difference between the curves for excitation of an atom by X rays (probability of excitation a maximum at the limiting frequency and falling off rapidly as the incident frequency is increased) and excitation by cathode rays (probability increases from zero at the critical voltage to an approximately constant value at higher voltages) (31 
